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When the electrons stored in the ring of the European Synchrotron Radiation Facility
(ESRF, Grenoble) scatter on a laser beam (Compton scattering in flight) the lower
energy of the scattered electron spectra, the Compton Edge (CE), is given by the two
body photon-electron relativistic kinematics and depends on the velocity of light. A
precision measurement of the position of this CE as a function of the daily variations
of the direction of the electron beam in an absolute reference frame provides a one-
way test of Relativistic Kinematics and the isotropy of the velocity of light. The results
of GRAAL-ESRF measurements improve the previously existing one-way limits, thus
showing the efficiency of this method and the interest of further studies in this direction.
Keywords: Compton effect; accelerators.
High precision tests of light speed isotropy are among the main studies to probe
the limits of the Lorentz transformations and special relativity. Various experimental
methods have been suggested and applied, each having its own interest, see1–3 and
refs therein. The Compton Edge (CE) approach, i.e. the studies of the stability of
the lowest energy of the scattered electrons after Compton scattering of relativistic
electrons on monochromatic laser photons, also provide such a possibility, especially
if we can perform many very stable measurements covering the daily rotations of the
Earth. The parameters of the GRAAL beam-line4,5 at the European Synchrotron
Radiation Facility (ESRF, Grenoble) enabled the performance of the measurements
with the required precision. Below we represent some preliminary results of our 2008
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measurements at the ESRF, while the detailed and complete report will be found
in ref.[6].
The following aspects are peculiar to Compton Edge method:7 (1) the Lorentz
factor dependence of the Compton edge enables to reach high accuracy in the rela-
tive variations of CE with measurements within the available accelerator and laser
parameters; (2) the choice of the inertial frame related to the dipole anisotropy,
∆T/T = 1.2 10−3, of the Cosmic Microwave Background (CMB) radiation, as the
isotropy is a frame-dependent property; (3) the one-way character of the measure-
ment and the fact that it depends only on the direction of the electron velocity; (4)
the experimental limit obtained in this way can be used to constrain various models
of Lorentz violation or extensions of special relativity.
Among the hierarchy of motions8 in which the Earth is participating and their
corresponding frames, the frame with a null dipole anisotropy defines a ’rest’ frame
of CMB. The measurements with respect to that frame i.e. towards the CMB
dipole’s apex, l = 263.85◦ ± 0.1◦, b = 48.25◦ ± 0.04◦, are however, different from a
Michelson-Morley type experiment, since the Michelson-Morley interferometer has
two orthogonal arms with defined lengths (two-way experiment) while the Comp-
ton Edge measurement has only one direction and no typical length. Therefore
CE provides more general, one-way constraints to the various extensions of special
relativity (e.g.3).
The Compton edge of the scattered electrons is given by the formula9
ECE =
4γ2El
1 + 4γmeEl
=
γmeXCE
A+XCE
, (1)
where El is the energy of the laser photons, γ is the Lorentz factor, XCE is
the distance of the scattered electron from the circulating electron beam, A =
159.28 ± 0.2mm is the constant of the magnetic dipole dispersion. GRAAL oper-
ated with three UV laser lines around 351nm and one Green line at 512nm. The
microstrip detector provided the positions of the scattered electrons, i.e. their en-
ergy in microstrip units with the given calibration and resolution of the system
(see4,5,9).
Then, for ESRF 6.04 GeV electron beam (γ = 11820) one has
∆c/c = 0.7 10−8∆XCE/XCE. (2)
The GRAAL-ESRF CE data acquired (non-continuously) during 1998-2002 had
led to an upper limit for the light speed anisotropy:9 ∆c/c < 3 10−12.
In 2008 the data acquisition system has been enriched by a fast channel based
on a VIRTEX-II DAQ which can operate at an acquisition rate up to 3 MHz al-
lowing the full use of the scattered beam intensity of 800 kHz. The system will be
described in refs.[5,6]. Two sessions of measurements have been performed in July
and November. Some characteristics on the acquired data, with dates and number
of points, standard deviations and χ2 for Gaussian distributions, separately for each
set and together, are given in Table 1.
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Data Fragment (N) Points σ χ2
23.07.08 - 29.07.08 21-37 (15) 14765 6.570×10−5 0.97
15.11.08 - 24.11.08 51-67 (17) 18621 6.758×10−5 2.16
Total 21-67 (32) 33386 6.675×10−5 1.89
The 2008 data (here and below jointly of July and November) distribution as
function of the solar 24-hour day and sidereal days are shown in Fig. 1ab.
Fig. 1. CE data vs 24-hour solar (a) and sidereal (b) days for ESRF 2008 measurements.
Figures 2 and 3 show the distribution of the CE data vs the angle between the
GRAAL beam and the CMB dipole apex and the corresponding hours of day, re-
spectively (cf.9). CE 2-4 σ variations are visible both at angle and hour correlations,
as well as in their Fourier spectra. The Fourier spectra of the CE vs the angle and
the hours are shown in Fig. 4; the abscissa axes are given both in multipoles and
degrees, hours.
Fig. 2. CE vs angle between the GRAAL beam and the CMB dipole apex, averaged within 90◦
(a) and 30◦ (b) intervals.
The interpretation of the nature of the 2-4σ CE variations in Figs.2-4 (at early
morning hours) requires further studies of the systematic daily variations in the
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Fig. 3. CE vs time, averaged within 6 (a) and 2-hour (b) intervals.
Fig. 4. Fourier spectra of CE dependence vs the GRAAL-dipole angle (a) and hours (b), respec-
tively.
GRAAL-ESRF environment. They correspond to a maximum displacement of the
tagging detector of 250 nm or an unexplained change in the temperature of the
tagging box of 0.01 C. The Fourier spectrum in Fig. 4b clearly shows that there is
no evidence of the 24 hours cycle that one would expect from the rotation of the
Earth.
From the above analysis a one-way isotropy limit for the light speed is obtained
∆c/c . 1.0 10−14. (3)
The new, fast acquisition system, has allowed a reduction of our previous upper
limit by more than two orders of magnitude.
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